-2-international trade is subject to risk associated not only wi th its exporrt i ' • products but with its imports as well. A country may, in fact, enjoy substantial risk-reduction benefits depending upon its "portfolio" of exporting and importing activities. The need to broaden the scope of studies involving commodity price instability has been mentioned by a number of authors (see Lloyd and Procter, 1983, and Gemill, 1981) . The larger framework presented in this paper includes risk associated with the country's total trade picture as well as risks associated with domestic production destined for domestic use.
This theoretical approach has been used to study a possible 100 percent hedging operation in wheat for Egypt and South Korea. In so doing, we have assumed that these countries' decision-makers are mean/variance optimizers and that their welfare depends on the purchasing power of national income. This means that, after assessing the probability distributions they face, their objective is to obtain the minimum variance (or risk) of purchasing power at any given mean level of purchasing power. The hedging strategy is analyzed as a function of this assumed objective. The results show that the wheat futures contract provides South Korea with an effective hedging vehicle while hedging, in this contract, is not a very effective risk-reducing tactic for Egypt.
I . TIffi M)DEL
We assess the desirability of futures market hedging with reference to the risk of the overall structure of national production and consumption. Basically, we approach the country's hedging problem from the standpoint of a national policymaker who wishes to minimize the uncertainty of his nation's purchasing power at any given level of national income. By focusing on f , , . 1 -3-, ptlrGhasing power, we have chosen the broadest possible view of the risks to which the country is exposed. Under this framework, the risks faced by R?lpho's cocoa-producing nations would include not only cocoa-related risk but any risks associated with the entire production and consumption strategy adopted by the country.
In the present section, we form an expression for purchasing power in terms of the production and consumption positions of the nation's various economic sectors. This expression is then used to calculate the uncertainties associated with purchasing power as a function of the production and consumption positions across various sectors. Futhermore, uncertainties associated with production and price levels in each of the sectors are incorporated in this expression.
The expression for purchasing power uncertainty can be used to determine the risk associated with the (i) actual configuration of national production and consumption as well as with (ii) the minimum variance configuration of national production. This latter uncertainty measure is obtained from an optimization problem described in this section. These two measures, 0) and (ii), then serve as benchmarks for comparing the nation's purchasing power uncertainty after a hedge has been placed.
The model which provides the framework for our discussion of hedging assumes that the decision-maker has a mean/variance utility function defined over the purchasing power of national income. Thus, in some sense, we assume that there is a planning agent or policymaker who internalizes the risk incurred over the entire "portfolio" of production and consumption activities which are ultimately used to characterize national purchasing power. Note .that the definitions of u and y imply that their product represents random national·income as a sum of expected sectoral productions multiplied by the sectoral disturbance terms.
From (1), an expression for the uncertainty associated with national purchasing power, V, can be established. This expression can be derived by approximating V by a first-order Taylor's series expansion. A microeconomic identity (Roy's identity) is then used to interpret one of this expansion's coefficients (see Appendix I for a detailed discussion of this derivation).
The resulting expression for purchasing power risk, S2, is given by:
~ .
-5-where , .
x = vector of real consumption positions in each sector E(p pI) = variance/covariance matrix of disturbances to sectoral price levels E(~ ~I) = variance/covariance matrix of sectoral production uncertainty and E(~ pI) = covariance matrix of sectoral production disturbances with sectoral prices.
Equation (2) forms the basis of our subsequent empirical work. After estimating the necessary variance/covariance matrices, we can substitute the actual levels of production and consumption into (2) in order to estimate the ~certainty associated with the countryls current purchasing power strategy.
Furthermore, using quadratic programming, we can determine a sectoral produc-;~tion configuration which provides minimum purchasing power uncertainty at any given level of national income. The consumption positions are inputs to this optimization problem. This approach is reasonable because the objective of the optimization is to reduce the risk associated with a given level and pattern of consumption by calculating a minimum variance pattern for the production activities which are used to finance this consumption. This optimization problem is performed subject to a number of constraints which assure that the solution is technically feasible, that it adheres to the usual national accounting identities, and that it does not imply unrealistically high balance-of-payments deficits or sectoral growth rates. Table I presents the full optimization problem.
-6- specific hedging strategy. The first benchmark is based on actual production \vhile the second is based on "optimal" production. Both of these are computed under the assumption that no hedging takes place. S2 is then recomputed assuming that a hedge is imposed. If the hedging operation reduces purchasing power uncertainty at a fixed level of national income, we say that the hedging operation is successful and desirable. Clearly, the decision maker wants to reduce uncertainty as much as possible at any given level of national income.
II. THE EMPIRICAL MElliODOLOGY AND RESULTS
The empirical application of the theoretical framework just presented has been performed for South Korea and Egypt. These two countries were chosen because they exhibit radically different purchasing power strategies, with South Korea emphasizing export-oriented manufacturing and Egypt maintaining a strong agricultural orientation. The data used in this empirical work consist of time series for real sectoral consumption and for sectoral production and the net
posItIons In w eat. Time series of futures market price quotes for several maturities of wheat futures contracts and of exchange rates were also used.
The data set is described in detail in Appendix II.
The empirical work takes us through a number of steps. These are described in sequence below:
1. Sectoral value added and price level uncertainty are characterized by estimating equations for sectoral production (based on sectoral capital and labor inputs) and for price levels (modeled either as first-or second-order moving average or as random processes with trends). The Inoving average models where selected using Box and Jenkins' procedure (Box and Jenkin, 1971 ) of -9-identification, estimation and diagnostic checking. It was necessary to use & • the "seemingly unrelated equations" estimation methods (Zellner, 1962 ) for these equations since errors between equations are likely to be correlated.
The residuals from these estimates form the basis of our characterization of uncertainty. The correlation matrix associated with the variance and covariance matrices arising from this procedure appears in Table II 3. The quadratic optimization necessary to obtain the minimum variance production configuration which corresponds to the same income level as that actually prevailing in 1978 is also performed as indicated in Table III . The results show that both countries' actual purchasing power risk is slightly higher than those indicated by the optimization program. The optimization values also appear in Table III . The dollar returns per bushel from this hedging strategy are reported in Table IV where they are also converted into Korean won and Egyptian pounds.
Notice that the sum of the total dollar (U. S.) gains column indicates that, rather than having to pay for this insurance, they would have netted a total of $2.33 (U. S.) per bushel over the 18 years covered in the study.3 The uncertainties associated with these returns are estimated as the residuals of estimated first-order moving average processes. A new variance/covariance matrix is then formed on the basis of these residuals·which is analogous to that developed in step one except that rows and columns have been appended.
After adding the row and column associated with the hedging instrument, we can express the variance of purchasing power uncertainty in matrix notation as follows: ~he total gain over the period is $2.33 per bushel.
bHedging strategy assumes that equal long positions are taken in the September, December March, and May contracts during the months of June and July for every year.
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• Thus, the hedging market operation adds a row and a column to the original variance/covariance matrix. These reflect covariances between hedging returns disturbances and disturbances to sectoral production and sectoral price levels. The correlations corresponding to these appear in Table V. 5. Based on these expanded variance/covariance matrices, it is possible to calculate the new purchasing power uncertainty, S~, under the assumption that 100 percent of the net wheat position is hedged. This post-hedge purchasing power uncertainty may be compared with its value without the hedge by evaluating row three of Table III relative to row one (a comparison based on actual production weights which would give the two countries minimum purchasing power uncertainty).
III. INTERPRETATION OF RESULTS
In comparing the reduction of purchasing power uncertainty obtained from the 100 percent hedge against South Korea and Egypt's net import positions in wheat, we find that, while South Korea reaps substantial benefits from the hedging operation, Egypt's benefits are negligible. As Table III indicates, the Korean hedge reduces the standard deviation of its purchasing power from 720.8 million won to 716.5 million won. This is surprising in view of South Korea's small net import position in wheat (78,488 bushels).
The effectivenes of the hedge for Korea stems from a number of sources.
First, a high negative correlation (-.42) exists between manufacturing disturbances and hedging return disturbances. Obviously, this negative correlation is advantageous from the standpoint of reducing purchasing power risk.
It is also exactly what one would expect to observe between two "assets" effectively counterbalanced in a hedge. aBlanks indicate not available.
-17-What are the possible explanations of the above high negative correlation?
, .
The most likely explanation is that wheat prices and the manufacturing sector respond in opposite ways to some third random variable which injects shocks into the world system. For example, a general inflationary impulse caused by excessive international liquidity may be transmitted rapidly into the highly competitive raw materials markets. This transmission may take place before manufacturers have the opportunity to adjust output prices and production techniques to the new input prices, thereby provoking a squeeze on profits.
Another, less likely, explanation involves the foreign exchange aspect of the hedge. Since the hedging operation earns money over the l8-year period studied [$2.33 CU. S.) per bushel is the cumulative gain over the period], the hedge entails a slightly long position in the dollar. Thus, it is possible to explain the negative correlation between manufacturing and hedging disturbances if the manufacturing sector is long in the Korean won. This would be reasonable if, for example, the Koreans pay for a large proportion of their inputs in dollars. However, given the heavy export orientation of the Korean manufacturing sector, it is not likely that the sector is long in its o\~ currency. Therefore, the foreign exchange aspect of the hedge probably tends to dampen the size of this correlation rather than to strengthen it.
Also contributing to the hedge's effectiveness for South Korea is the .26 correlation between the agricultural price index and hedging returns residuals.
However, because the manufacturing weight is extremely large and because of the extremely high negative correlation with hedging residuals, the manufacturing production-hedging operation interaction contributes more to the hedge's effectiveness than the hedge's interaction with the agricultural price index. inasmuch as risks faced by the various economic classes may not be similar.
The present study could be expanded in a number of worthwhile directions.
First, the model should be expanded to include optimization over the hedged position rather than to analyze only the desirability of a 100 percent hedge.
Secondly, a poorly diversified primary exporter could be studied to see if hedging in export product is useful given the diversification benefits the exporter may enjoy through its import products (such as foodstuffs and manufactured items). Finally, certain practical issues need to be addressed such as whether or not market volumes on the exchanges are sufficiently large to support this type of hedging activity.
-20-APPENDIX I
. "
Derivation of Expression for Purchasing Power Uncertainty
We begin with the expression for real income or purchasing power:
where and f(p) = deflator function based on the random vector, p, whose elements correspond to sectoral price levels; these can be decomposed A into a systematic component,·p, and a random addition disturbance term, p, such that p = p + p and E(p) = 0 u = multiplicative disturbances to which sectoral production is subject; these disturbance terms incorporate elements related to producer price uncertainty, production risk, and so forth and du = u -u as the increments of the expansion
. ,. . "
Notice that subscripts denote partial derivatives, and this approximation treats the u and the p vectors as being analytically (though not statistically)
separate. If this were not the case, we would need terms in the expansion such as Yp' In effect, disturbances in the p vector per.tain to households and disturbances; and for the u vector, it pertains to firms and production.
,
We now use Roy's identity which states that -V-IVY is equal to x, the household's vector of consumption positions in each sector. Substituting this into equation (A4), we get the following:
Substituting our specific functional form for V, equation (AS) becomes:
2 . The variance of V on purchasing power, which we label S , can then be expressed directly as 
Variable
Sectoral gross domestic product, Sectoral price indices, Sectoral capital stocks and labor forces, Social accounting matrices, 1968 APPENDIX II Data Set for South Korea and Egypt, 1950-1978 Source of data United Nations (1971, 1975, 1978) , Yearbook of National Account Statistics (YNAS) YNA.S Egypt: sectoral capital stocks calculated by Boutros-Ghali and Taylor (1980) , received in phone conversation, 1981; capital flow data and labor data from YNAS South Korea: capital/output ratios and output figures from Thorbecke and Svenjar (1973) ; capital flow data and employment figures from YNAS Egypt: The World Bank South Korea: Thorbeck and Svenjar (1973) 
Corrunents
The capital stock for a base year was obtained and capital flows were added or subtracted to get yearly capital stocks
We used an aggregated form of the input/output matrix taken from these sources. These aggregated matrices can be found in Appendix II.
Real sectoral consumption, YNAS 1978
Nominal total final demand, 
